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Inorganic nanocrystals may be viewed as an emerging new class of macromolecules. Since methods were first developed to encapsulate nanocrystals with a monolayer of protective surfactant (1, 2 ) , nanocrystals have been assembled as active components inside plastic electronics (3, 4, 5) , and they have been assembled into dimers, trimers (6) , and crystals of nanocrystals (7, 8) . In each case the nanocrystals are treated as a conventional polymer or biological macromolecule from the assembly point of view.
This enables a wide range of chemical macromolecular assembly techniques to be extended to inorganic solids, which possess a diverse range of optical, electrical, and magnetic properties ( 9) . One important characteristic of organic macromolecules is their propensity to form liquid crystalline phases when they possess a rod-like shape (10, 11) .
Over the last several decades there has been continuing and growing interest in inorganic liquid crystals, but the studies have been limited by available samples to molecular wires or ribbons, or highly polydisperse insulating colloidal disks and rods such as gibbsite (Al(OH) 3 ) and boehmite (AlO(OH)) (12, 13) . The poor monodispersity of these colloidal rods also prevents the quantitative comparison between experiments and theories ( 14) .
The advent of new methods for preparing highly soluble and p rocessable colloidal metallic, semiconductor, and magnetic nanocrystals (15) (16) (17) (18) (19) (20) with very tight control over size and shape creates significant new opportunities in the study of inorganic liquid crystals. In this paper we demonstrate that semiconductor colloidal nanorods spontaneously form liquid crystalline phases in concentrated solution, and we discuss the potential implication of these new phases both for the theory of liquid crystal formation and for the practical application of liquid crystals.
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In this work we have focused on nanorods of CdSe, because they can be synthesized in large quantity (~100 mg) with variable aspect ratio and excellent monodispersity (17, 21) . The CdSe nanorods are made by pyrolysis of organometallic precursors of Cd and Se in a hot surfactant mixture. By varying the composition of the surfactant we synthesize rod-like CdSe nanocrystals with variable width and length (21) . Typically the aspect ratio can be varied from 1 to 15, width from 3 to 7 nm, and length from 3 to 70 nm, while the distribution is typically 5% for width and 10% for length. The optical properties of the nanorods depend strongly upon diameter and length due to quantum size effects (22) . The photoluminescence wavelength can be tuned over the visible range by variation of the particle size, and the degree of polarization can be controlled by variation of the aspect ratio (21) . The transmission electron micrographs of several such samples shown in figure 1 illustrate the range and quality of the nanorods produced by this method. These One interesting feature of inorganic liquid crystals is the high electron density and electron scattering power of the atoms as compared to carbon. This potentially enables transmission electron microscopy (TEM) as a means of directly visualizing the local order, provided the liquid can be "frozen" on a substrate without altering the order. A combination of electron microscopy and optical microscopy has been used to investigate 7 the formation of tactoid structures in V 2 O 5 sol (28) . By TEM we have observed a wide variety of remarkable liquid-crystalline type self-assemblies from nanorod multilayers, but it remains to be proven whether these patterns truly represent the degree of order in the liquid crystalline phase. A freshly cleaved mica sheet coated with a thin amorphous carbon film is immersed vertically into a dilute solution. As the solvent evaporates, the liquid level sweeps over the substrate, depositing a multilayer of CdSe nanorods behind when the solvent is completely gone. The carbon film is then f loated off on water and picked up on a TEM grid.
Such experiments have been performed on 4.0 × 40.0 nm and 3.7 × 18.0 nm ( Figure   4 ) nanorods of CdSe. We have been able to image both "smectic-A" and "nematic" types of order in multilayer films of both nanorod samples, as well as crystalline superlattices (29) . Quick drying of droplets of CdSe nanorod solution on glass slides under a polarizing optical microscope shows formation of Schlieren structures at the edges of the droplets where the optical density i s also the highest. This strongly suggests that the multilayer TEM patterns observed here have formed in the liquid prior to complete solvent evaporation. This can be explained by the convective transfer of CdSe nanocrystals from the bulk of the solution t o the edges caused by the solvent evaporation (30) , which makes the local concentration high enough for the isotropic-liquid crystalline phase transition. Until now we have not observed smectic phases in concentrated solution; however, smectic phases have been predicted by Monte Carlo simulation (31) and have been observed in a variety of systems (12, 13) . Formation of smectic phases requires a solution of higher concentration, which is not easily achievable in our system.
Freeze-fracture experiments have to be performed to further test whether these patterns 8 can be assigned to the liquid crystalline phases of the nanorods, or if the patterns somehow arise as a solid-liquid equilibrium during the evaporation, as reported in solid superlattices of Au nanorods ( 32) . In any case, these oriented multilayer assemblies of the nanorods are in themselves rather interesting objects for future studies of anisotropic 3-dimensional artificial quantum solids.
The anisotropy of intermolecular interactions plays an important role in the formation of liquid crystals. Because CdSe nanorods can be synthesized with variable aspect ratio and excellent monodispersity, a nd they can be dispersed at high density in organic solvent, we believe they may prove to be an excellent model system in the study of liquid 
